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The emission lines observed in many interstellar infrared sources at 3050, 1610, 1300, 1150, and 885 
cm 1 (3.28, 6.2, 7.7, 8.7, and 1 1.3 microns) are hypothesized to originate from polycyclic aromatic 
hydrocarbon molecules (PAIIs). (legcr & Puget, 1984, Allamandola et al., 1985) lhese assign- 
ments are based on analyses of laboratory infrared spectra of neutral PAIIs. However, it is likely 
that in the interstellar medium the PAIIs are ionized, i.e., arc positively charged. Furthermore, as 
pointed out by Allamandola ct al. (1987), “although the IR emission band spectrum resembles what 
one might expect from a mixture of PAIIs, it docs not match in details such as frequency, band 
profile, or relative intensities predicted from the absorption spectra of any known PAII molecule.” 
The PAH hypothesis is far from proven. 

One source of additional information to test the PAII hypothesis is ah initio molecular orbital 
theory. (Ilehre ct al., 1986) It can be used to compute, from first principles, the geometries, 
vibrational frequencies, and vibrational intensities for model PAH compounds which arc difficult 
to study in the laboratory. We have used the Gaussian 86 computer program (Frisch et al., 1984) 
to determine the effect of ionization on the infrared absorption spectra of several small PAIIs: 
naphthalene and anthracene. This brief article contains a preliminary' report of the results of these 
calculations. 

The vibrational spectra were computed at the IIF/3-21G level of theory. Previous studies (De Frees 
& Mclcan, 1985, Yamaguchi et al, 1986) show that after simple scaling, ab intio frequencies are 
accurate to +50 cm' 1 and intensities are correct to within a factor of two. C alculations performed 
on benzene demonstrate that these conclusions, reached on studies of small molecules, apply as 
well to the study of PAIIs. Computed transmittance spectra were generated with lorentzian curves 
(constant half-height width of 15 cm 1 ) centered at the HF/3-21G wavelengths with an area equal 
to the computed intensity. The spectra are scaled to give a maximum transmittance of 5%. Figures 
1 and 2 are computed transmittance spectra of naphthalene (C 8 I I]q) and its radical cation (Cgllfo), 
respectively, while figures 3 and 4 show computed vibrational spectra of anthracene (C I0 H| 4 ) and 
its radical cation (C| 0 II( 4 ), respectively. Frequencies have not been scaled in these plots; for com- 
parison with experiment multiply each frequency by 0.89. (DeFrccs & Mcl-can, 1985) 

Ionization of naphthalene and anthracene has a striking effect on the predicted infrared absorption 
spectrum. In each case, strong C-II stretching bands around 3300 cm ’ in the neutrals arc absent 
in spectra of the cations. In the region from 400 to 2000 cm' 1 there are also some large changes. 
In naphthalene, the neutral has two strong absorptions in this region whereas the ion has 5; 
anthracene has three strong, narrow peaks while its cation has one strong, wide, peak resulting from 
the blending of several strong absorptions. 

Analysis of these results is on-going. We will determine the cause for the large changes that occur 
in the absorption spectra on ionization. With this understanding, we hope to be able to make at 
least qualitative extrapolations to larger systems. We also intend to examine the effects of ionization 
on the emission spectra. 
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Fig 3 Computed transmittance spectrum of anthracene 



Fig 4 Computed transmittance spectrum of anthracene radical cation 
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